ABSTRACT . Taxonomic review is provided for Callitriche taxa occurring in central and eastern Asia east of the Urals and in southeastern Asia north of Irian Jaya Barat. Three new species: Callitriche fuscicarpa, C. glareosa, and C. raveniana are described from Nepal, Bhutan, and Taiwan, China, respectively. Two new varieties are also described: Callitriche palustris L. var. megalata from Siberia in Russia and Callitriche palustris L. var. strumosa from western Sumatra in Indonesia. Callitriche nana is newly referred as a synonym of C. japonica Engelmann ex Hegelmaier. Callitriche oryzetorum Petrov is transferred and reduced in rank to a variety of C. palustris L. Callitriche wightiana Wallich in Wight is lectotypified.
from islands in southeastern Asia, and var. oryzetorum, formerly described as C. oryzetorum Petrov, from southern China, Japan, and Taiwan.
Few accounts of the genus in Asia give due consideration to reproductive features and consequently there is much misidentification. Many accounts report Callitriche stagnalis Scopoli from Asia (Cheng & Ming, 1980; Kak & Javeid, 1982; Cook, 1996; Sarwar, 1998; Larsen, 2000) , while Kak and Javeid (1982) also report C. obtusangula Le Gall and C. truncata Gussone. However, thorough review of herbarium material (Schotsman, 1985; Lansdown, 2006, in press ) has failed to find any material of C. stagnalis east of the Urals, C. obtusangula east of the Mediterranean, or C. truncata east of the Black Sea. When possible, I have taken the literature into account in preparing this revision. However, problems with potential misidentification mean that the literature has mainly been used to clarify elements of distribution.
The information employed to prepare this revision derives from review of more than 400 specimens in BM, CGE, E, HAST, HIB, K, L, LE, MICH, MO, P, PE, PPI, TAI, TNM, and TNU. All descriptive and biometric data employed here are based on herbarium specimens collected in Asia, except for those relating to C. palustris var. palustris. The list of material studied indicates the number of specimens seen; however, where data were collected from only a small number of specimens, this is stated.
I have provided illustrations of the fruits of each taxon except where these are already available in the literature. I have provided a key to the identification of all taxa known to occur in the region, although only novelties are considered in the text.
KEY TO Fruits 0.7-1.1 6 0.7-1 mm, as long as or slightly longer than wide, dark brown becoming reddish brown, with faint reticulate pattern, resembling that of fruits of Callitriche palustris; subsessile or on pedicel less than 1 mm; wing poorly developed or up to 0.08 mm at the apex and side.
Callitriche fuscicarpa differs from all species of Callitriche in Asia by the fruits being reddish brown to dark brown when ripe and narrowly winged all round, by the presence of small bracts, and by the persistent styles.
Distribution and habitat. I have found only very few specimens of Callitriche fuscicarpa; these would suggest that it is rare, although widely distributed, occurring between 1800 and 3500 m altitude in the Himalayas, in Uttaranchal Province in India and Nepal, east to Yunnan Province in China, with a single specimen from Hokkaido in Japan. There is no useful information on the habitat of this species.
Etymology. The epithet fuscicarpa refers to the brown fruits. Figure 1C .
A Callitriche terrestri fructu solum ad apicem alato, a C. japonica fructu in medio latissimo, a C. raveniana bracteis absentibus differt.
Plants terrestrial. Leaves spathulate; venation simple, generally with 1 primary and a pair of secondary veins. Flowers solitary, most frequently a carpellate flower opposed by a staminate flower; bracts lacking. Filaments straight, up to 0.5 mm; anthers 0.2 6 0.2 mm; pollen yellow, 22-26 6 19-23 mm; styles up to 0.6 mm, persistent, reflexed, but not appressed to side of fruits. Fruits 0.6-0.7 6 0.8-1 mm, slightly wider than high, black when ripe, faintly reticulate, expanded toward base, but not strumose; subsessile or with pedicel up to 0.6 mm; wing apical only 0.05-0.1 mm wide at apex.
Callitriche glareosa differs from C. terrestris by the fruits being winged only at the apex, from C. japonica by the fruits being widest in the middle, and from C. raveniana by the lack of bracts.
Distribution and habitat. I have seen only two specimens of Callitriche glareosa, the type specimen from Bhutan and one from Tibet. The type was collected from above 4000 m, and it is likely that the record from Tibet will have been made at a similarly high altitude.
Etymology. The epithet glareosa refers to the gravel habitat noted for the type collection. Callitriche japonica differs from other Callitriche species in Asia in having the fruits winged all around and tapering from the apex toward the base and no bracts. Backer (1954) recorded three forms of Callitriche palustris, of which the terrestrial form was represented by material collected by van Steenis from Tjibodas [Cibodas] , West Java; the other two forms were associated with material from Papua New Guinea. In 2002, further material was collected from the Botanical Garden at Cibodas and described as a new species, C. nana B. C. Ho & G. T. P. Vo. Both the van Steenis material and isotypes of C. nana in K and L represent typical C. japonica and so the name C. nana is reduced here to synonymy with C. japonica. Distribution and habitat. Callitriche japonica occurs in central and southern Japan (Yamazaki, 1993) , as well as China from Fujian, Jiangxi, and Taiwan. There is herbarium material from northern Thailand, West Bengal (India), and Java (Indonesia). The last two records are from botanical gardens and could represent established aliens; however, more information is needed to establish the western and southern extremes of its range. C. japonica appears to be associated with disturbed ground and roads or tracks, in humid locations often in partial shade. Plants submerged, with floating rosettes or on wet mud. Lingulate leaves linear to narrowly expanded, emarginate, with a single vein (4-)5.6-9.7 6 0.5-1.2 mm; expanded leaves with blade elliptic to 6 orbicular 3.6-9.9(-10.3) 6 1.2-4.3(-4.5) mm; most leaves have at least part of a tertiary vein, they generally also have additional veins arising from secondary veins either as loops rejoining adjacent secondary veins or as short slightly curved veins pointing 6 directly to blade margin.
Callitriche palustris occurs throughout much of the Northern Hemisphere but is generally restricted to high altitudes in the southern part of its range, from Iceland and Finland south to the Pyrenees (Lansdown, 2006, in press ), east to Japan and Kamchatka in the Russian Far East. In North America it occurs from Greenland south to New Mexico (Fassett, 1951) . It has also been recorded from Australia, where it may have been introduced (Aston, 1973 Sarwar (1998) cites two specimens of Callitriche palustris in K, both of which belong to the nominate variety. In addition, a single specimen in BM is cited as C. stagnalis. This specimen also belongs to C. palustris var. palustris. It has not been possible to confirm the identity of other specimens cited as C. stagnalis, and until they can be formally determined, only this species C. palustris can be confirmed as occurring in Pakistan.
In Asia, Callitriche palustris var. palustris occurs in Kashmir, Himachal Pradesh, and Sikkim in India and in Nepal and Bhutan, throughout China, north to Siberia and Kamchatka in Russia, South Korea, and east to Japan. The taxon is apparently absent from areas to the south of the Himalayas and China.
Generally one carpellate and one staminate flower in one of a pair of axils opposed by a single carpellate flower in the other, very occasionally 2 carpellate flowers and a staminate flower in a single axil; bracts persistent, 0.8-1.2 mm, falcate. Filaments 6 straight, caducous, rarely visible in axils below shoot apices, up to 2.2 mm; anthers 0.4 6 0.3 mm; pollen yellow, ovoid-ellipsoid, 21-26 6 17-25 mm; styles erect to slightly spreading, up to 1.5 mm long. Fruits 1-1.4 6 0.7-1.1 mm, widest above the middle, slightly strumose, black when ripe, mericarps sharply reticulate, the reticulations appearing 6 clearly in vertical rows, wing 1-1.5 mm wide toward apex.
Callitriche palustris var. elegans differs from all other varieties of C. palustris in both the bracts and the styles being persistent and in the wing being 1-1.5 mm wide at the apex of the fruits and 6 lacking from the base.
Distribution and habitat. Callitriche palustris var. elegans occurs from Bangladesh to the Baikal region in Russian Siberia, east to Sakhalin Island (Shishkin, 1974) , south through Japan to the Ryukyu Islands as well as Jiangsi, Jilin, and Hong Kong in China. The only information available refers to Callitriche palustris var. elegans growing in nutrient-rich drainage ditches.
Primorskaja Distr., Nikolsk-Ussurisk, 20 Aug. 1917, Á . Kiss s.n. (holotype, MICH). Figure 1E .
Ab omnibus aliis Callitriches palustris varietatibus ala ad fructus apicem latiore quam 1.5 mm differt.
Generally one carpellate and one staminate flower in each axil, the staminate flower very briefly caducous and generally missing from axils below shoot apex; bracts caducous, ovoid, rounded, 0.2-1.2 mm. Filaments erect to gently curved, 1.5-1.8 mm; anthers 0.45 6 0.51 mm; pollen 21-25 6 19-20 mm, yellow, strongly ornamented; styles 6 erect, 0.2-0.8 mm. Fruits 1.2-1.4 6 0.9-1 mm, higher than wide, dark with pale wing; subsessile, very broadly winged, mainly at apex and base; wing 2-2.6 mm wide at apex, 1.3-1.8 mm wide at side.
Callitriche palustris var. megalata differs from all other varieties of C. palustris in having the wing more than 1.5 mm wide at the apex of the fruits.
The description is based only on the type specimen. However, the characters of the wing are sufficiently different that I have no hesitation in describing it as a new variety of Callitriche palustris. Figure 1F .
Generally, one carpellate and one staminate flower in each axil, very occasionally 2 carpellate flowers and a staminate flower in one axil; bracts persistent, 0.6-0.9(-1) mm, broadly ovoid. Filaments straight, 1.6-2.7 mm; anthers 0.4-0.5 6 0.3-0.4 mm; styles erect to spreading, less than 1.7 mm long. Fruits 0.7-1 6 0.6-0.8 mm, widest near the middle, ripe fruits brown, smooth; wing lacking, or less than 0.1 mm at apex, becoming narrower down the sides.
Callitriche palustris var. oryzetorum differs from all other varieties of C. palustris in the very large bracts and the persistent styles.
Distribution and habitat. Thought for a long time to be endemic to Guangdong Province, Callitriche palustris var. oryzetorum occurs mainly in southern China, from Yunnan through Fujian and Guangdong Provinces to Taiwan, and there is a single specimen in K from Japan. The only information available describes C. palustris var. oryzetorum as growing in a river and in ricefields. Figure 1G .
Ab omnibus aliis Callitriches palustris varietatibus fructus partis inferioris margine interiore in orcam tumido, a C. peploide fructu ab apice ad basin alato differt.
Generally one carpellate and one staminate flower in one of a pair of axils opposed by a single carpellate flower in the other; bracts persistent, 0.4-1 mm, falcate. Filaments 6 straight, less than 0.5 mm, obscured by carpellate flowers; anthers much reduced, possibly aborted; pollen yellow; styles erect, 6 widely spreading, 0.8-1.2 mm. Fruits 1-1.1 6 0.8-1 mm, widest above the middle, strongly strumose to extent that base of each mericarp is twisted, black when ripe, mericarps sharply reticulate, reticulations appearing 6 clearly in vertical rows; wing mainly toward apex, but very narrow along sides, 0.1-0.2 mm wide at the apex and 0.03-0.07 mm wide on the side.
Callitriche palustris var. strumosa differs from all other varieties of C. palustris in the inner margin of the lower part of the fruits being swollen into a ridge and from C. peploides in the fruits being winged from apex to base. Distribution and habitat. This variety is described from only two specimens, both in L. Apart from the obligate terrestrial taxa, Callitriche is normally represented in the tropics only at high altitude. Unusually one of the specimens cited here appears to have been collected in pools in a marsh on a coastal island, at sea level. No material of this variety is represented in collections from Irian Jaya or Papua New Guinea. With such limited material, it is difficult to explain its distribution. It is of note that Backer (1954: 252) refers to Callitriche sp. ''mentioned by Kurz (Nat. Tijd. N.I. 27, 1864, 167) from clear streams in the Menumbung Hills, Banka Island'' and expresses doubt about the record ''firstly because Kurz's material was sterile and has not been traced in the herbarium and secondly because all specimens of Callitriche hitherto found in the Malaysian tropics occur at much higher altitudes.'' Banka Island lies off the east coast of southern Sumatra and between the two locations from which herbarium specimens of C. palustris var. strumosa have been seen. Callitriche palustris var. strumosa is the only Callitriche recorded from low altitudes in the tropics, apart from obligate terrestrial species such as C. peploides. It seems possible that the records discussed by Backer (1954) refer to this taxon. Figure 1J .
Plants terrestrial or in shallow water. Leaves expanded, venation very complex, with many subsidiary veins arising from primary vein, within secondary veins and either anastomosing, rejoining secondary vein or splitting into many minor, muchbranched veins, many veins also arise on outside of secondary veins and either rejoin this or anastomose. Flowers solitary, most frequently a pair of axils with a carpellate flower opposed by a staminate flower; bracts lacking. Filaments 6 erect, less than 2.5 mm; anthers higher than wide, 0.4 6 0.4 mm; pollen yellow, strongly ornamented, 20 6 18-20 mm; styles erect or slightly spreading, less than 2 mm. Fruits distinctly wider than high, 1.8-2.3 6 1.4-2 mm; very broadly winged all round, wing very poorly differentiated in dried material, 0.3-0.4 mm wide at apex and sides.
Callitriche wightiana differs from all other Callitriche in the region by the fruits broadly winged all around, very complex venation, and lack of bracts. Although superficially similar to C. fehmedianii, herbarium material of C. wightiana can be separated by the uniform appearance of the fruits, whereas those of C. fehmedianii show a clear distinction between the wing and the main body of the mericarp. It also appears likely that C. wightiana grows mainly as a terrestrial plant in damp, forested habitats or in shallow water, whereas C. fehmedianii often grows in relatively deep water.
The protologue cites the type as ''Wall.! L. under n. 7008; Wight! cat. n. 1095. C. verna var. vulgaris, Wall.! L. n. 7008 -Neelgherries.'' There is a specimen in the Wallich Herbarium in K that is undoubtedly the material on which the name is based and is designated here as the lectotype. From notes made on the various sheets, it appears that this is a part of a specimen labeled ''Nilghirry Hills (Neelgherries), [undated] Wall, L. 7008 -W.C. 1095 Callitriche wightiana'' in K and apparently the same as material labeled ''Herb. Wight. propr. n. 1095, Callitriche wightiana Wall. L.n. 7008, Neelgherries, Peninsula Ind. orientalis'' in E.
Distribution and habitat. Callitriche wightiana appears to have a limited distribution, with records from Sri Lanka and from Tamil Nadu in southeast India. It appears to occur mainly among mosses or in small pools in woodland.
